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E-mail address: katalin.hideghety@aok.pte.hu (K. HPurpose: To evaluate neuroaxis irradiation for adults in the supine position using head body thermoplas-
tic mask ﬁxation, from the aspects of dose distribution, patient comfort and set-up accuracy.
Methods and materials: Nine of the 12 adult patients were positioned for craniospinal axis irradiation in
both prone and supine positions. After mask ﬁxation and planning CTs in both positions, a questionnaire
relating to the comfort was completed. The doses to the target and to the organs at risk of the 3D con-
formal plans in the supine and prone positions were compared. Portal images of all 12 patients irradiated
in the supine position were evaluated, the van Herk formulas being used to calculate the systemic and
random errors.
Results: No signiﬁcant difference was found between the prone and supine positions target coverage, the
dose homogeneity and the dose to the organs at risk. The supine position was considered more comfort-
able by the patients (scores of 2.8 versus 4.29), with a vector random error of 3.27 mm, and a systematic
error of 0.32 mm. The largest random set-up error was observed in the lateral direction: 4.83 mm.
Conclusions: The more comfortable supine position is recommended for craniospinal irradiation in adult
patients. Whole-body thermoplastic mask immobilization provides excellent repositioning accuracy.
 2011 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 102 (2012) 214–218Malignancies of the central nervous system (CNS) which require
irradiation of the craniospinal axis are relatively rare in adults (ger-
minoma, ependymoma and medulloblastoma/PNET). The delivery
of radiation to the complex target volume of the whole brain and
the whole length of the adult spinal cord is a real challenge. Recent
reports on the implementation of new techniques of standard
three-dimensional conformal radiotherapy (3DCRT) [1–4], mixed
3DCRT + intensity-modulated radiotherapy (IMRT) with special
ﬁeld matching control [5], and IMRT [6–8] with helical tomother-
apy [9,10] without the need for ﬁeld junction and proton therapy
[11–13] exploit the potential of improved energy deposition to
the target, with increased homogeneity and a reduced dose to
the organs at risks (OARs). The crucial issue remained, however,
of the daily repositioning accuracy and the intra-fraction position
stability, particularly with the longer treatment time. Various types
of positioning and immobilization devices have been applied. Tra-
ditionally, patients were in the prone position, and a cradle made
from plaster of Paris was changed to material allowing CT-based
treatment planning (a vacuum cushion in combination with a Bon-
ner box for head mask ﬁxation [14]). The thermoplastic mask ﬁxa-d Ltd. All rights reserved.
Oncotherapy, University of
ideghéty).tion is widely used for head and head and neck immobilization
with clear evidence of its role in radiotherapy increasing both the
daily repositioning accuracy and intra fraction position stability,
but there are few publication available on thoracic, abdominal
and pelvic application. To our knowledge large surface, whole body
mask was not yet used for craniospinal irradiation. Recently, be-
cause of the more frequent indication of craniospinal irradiation
(CSI) in children, the youngest of whom require anesthesia, the
need for good airway accessibility demanded investigations of
treatment delivery in the supine position [4,15–25]. The supine po-
sition proved to be advantageous (apart from easier intubation)
from the aspects of patient comfort and the delivery of simulta-
neous boost to the target volume of the posterior fossa, permitting
the application of complex technical solutions. The optimal
treatment position and immobilization for adult patients receiving
radiation therapy for the entire neuroaxis have not yet been
explored. Furthermore, study of the feasibility of the supine posi-
tion for CSI in adults is necessitated by the fact that these patients
frequently suffer from movement difﬁculties or incapability. Indi-
vidual immobilization is essential to ensure high repositioning
accuracy and a stable geometry during the treatment delivery,
which includes couch movements (shifts and possibly rotation),
and which is longer lasting due to more sophisticated radiation
techniques and assessment of veriﬁcation imaging. In the present
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and on a novel approach to whole-body thermoplastic mask immo-
bilization for adult patients undergoing CSI.Fig. 2. Example of dose distribution (3D view) in the supine position: two postero-
anterior spinal ﬁelds matched to the opposed lateral cranial ﬁelds with couch and
collimator rotation. Three isocenters were set in a ﬁxed geometry: one for the
cranial ﬁelds, the second one with deﬁned longitudinal shift and couch elevation for
the spinal ﬁeld and further longitudinal shift for the caudal spinal ﬁeld. Wedge and
subsegments were used to increase the target dose homogeneity: 90% isodose
(yellow) coverage of the PTV (red) is shown on the image.Methods and materials
Between April 2005 and December 2008, 12 adult patients
(average age 38 (20–63) years) with CNS tumors (one ependy-
moma with spinal cord involvement, two dysgerminomas and nine
medulloblastomas/PNETs) were referred for neuroaxis irradiation
in the frame of the complex management after neurosurgery; nine
of the 12 patients were eligible for positioning comparison. Each
consecutive adult patient prepared for craniospinal irradiation,
who gave his/her informed consent to the study and who was able
to lay down both in prone and supine positions was included. All
patients underwent CT scanning (Somatom Emotion 6, CT simula-
tor; Siemens, Germany) in both prone and supine positions using
the AIO Solution™ (ORFIT Industry, Belgium) for positioning and
immobilization. This contains a low-density, long baseplate, which
can be secured to the treatment table, with 11 ﬁxation slots allow-
ing large-surface thermoplastic mask immobilization from the top
of the head to the middle of the thighs. Additionally, indexed cush-
ion sets and head holders can be applied for both prone and supine
positions. Patients were lying on the prone cushion set with their
ankles supported in the prone position or on the ﬂat body cushion
(blue) in the supine position, using the highest knee support (three
gray cushions) (Fig. 1). An adjustable prone head support or an
appropriate custom supine head holder was placed into the small
base plate secured to the body cushion. First the 4-point-ﬁxation
thermoplastic body mask was prepared, thereafter the 3-point-ﬁx-
ation head mask, both marked with radiopaque markers. Non-con-
trast axial CT slices were acquired every 5 mm from the head to the
lowest point of the pubic bone. CT-based three-dimensional con-
formal treatment planning was performed in both positions with
the XIO™ (CMS) treatment planning system. The target volume
encompassed the entire brain, the spinal cord and the meninges
to the caudal extent of the thecal sac at S2, including a 5-mm mar-
gin around the clinical target volume (CTV). The optic structures,
lenses, mandible, thyroid gland, lung, heart, liver, kidneys and
small bowel were outlined in their entirety as OARs for both CT
series of each patient. In the prone position, a ﬁeld at 0 gantry an-
gle was matched to the collimated opposed lateral cranial ﬁelds.
Isocentric couch rotation for the lateral ﬁelds and the gantry angle
for the spinal ﬁeld were calculated, resulting in nondivergent
beams at the junction level. In the supine position the brain was
irradiated from two opposed ﬁelds with deﬁned couch and colli-
mator angle to take into consideration of the divergence of the cra-
nial beams and the spinal beam. Thereafter the spinal ﬁeld from
180 gantry angle was matched to the cranial ﬁelds. The secondFig. 1. Patient is in the supine position on the ﬂat body cushion (blue), using the
highest knee support (gray cushions) at the CT simulator. The head + body
thermoplastic mask is secured to the baseplates. Reference point is marked with
radiopaque marker on the head mask. The long landmarks on the masks are used
for set up using the laser system at the CT simulator and at the linac.spinal ﬁeld was matched changing the gantry angle in order to cal-
culate the divergence of the ﬁrst spinal beam. The gantry angle
could be changed after the treatment couch was rotated by 90.
The ﬁeld junction was shifted by 1 cm after 4–6 fractions, using
multileaf collimator leaf adjustments. A mean dose to the planning
target volume (PTV) of 36 Gy (except for two cases. 25.2 and
27 Gy), and a uniform dose-distribution (±10%) of the prescribed
dose to 95% of the PTV were aimed at (Fig. 2). Depending on the
shape and localization of the target volume, wedges and subseg-
ments were used to increase the target dose homogeneity. The
dose distribution (recalculated for all cases with the 36 Gy dose
prescriptions) was compared from the aspects of target coverage,
dose homogeneity and conformity, and the doses to the OARs. Sta-
tistical analysis was performed by means of the independent T
samples test (SSPS v. 16). Patient questionnaires on body comfort,
muscle relaxation and tolerability of mask ﬁxation were completed
in after the planning CT. Patient questionnaire was developed at
our clinic in collaboration with psycho-oncology department.
(Appendix) (The questionnaire was widely used by various radio-
therapy centers in Europe, Japan and US, during the clinical testing
of the immobilization device.). 3DCRT was then administered in
the supine position. Prior to start the treatment the ﬁeld junction
was controlled using IMRT head and neck phantom, thereafter dur-
ing the therapy both the light ﬁelds and ﬁlm veriﬁcation were used
regularly. The accuracy of ﬁeld alignment was quantitatively as-
sessed with sequential veriﬁcation imaging using ﬁlm or an elec-
tronic portal imaging device (Beamview, Siemens). Correction
data in the x, y and z directions were recorded; body rotation along
the axis perpendicular to the table, which resulted in bias of the
longitudinal body axis, was translated into correction in the lateral
(z) direction. Intra-fraction accuracy was not measured, but the
veriﬁcation of the spine (or second spine) ﬁeld was acquired in
the second half of the fraction delivery, and this therefore indi-
rectly reﬂects the data. Two hundred and forty-eight veriﬁcation
images were evaluated. Systematic and random errors in the pa-
tient set-up were calculated by using the van Herk formulas [26].Results
The average length of the CT of the nine patients was 84.8 (±9.6)
cm in the prone, and 84.6 cm (±6.3) in the supine position. The cal-
culated body volumes in the range of the planning CT did not differ
statistically (26,588 cm3 (±11,475) in prone and 23,469 cm3
(±8794) in the supine position). Furthermore, the PTV proved to
be equal in the prone and supine positions: 2426 cm3 (±659) and
2382 cm3 (±459), respectively.
Table 1
Coverage index 95% and dose homogeneity of the PTV in the prone and supine
positions.
Position Mean Std. deviation Signiﬁcance
COIN95% Supine 0.57 0.08 0.18
Prone 0.60 0.07
PTVD95–105% Supine 80.88 8.82 0.44
Prone 77.50 7.96
PTVD<95% Supine 10.75 4.77 0.34
Prone 13.00 4.41
PTVD>105% Supine 8.38 6.07 0.68
Prone 9.50 4.47
PTVD90–110% Supine 94.50 2.83 0.25
Prone 93.00 2.14
216 Immobilization for craniospinal radiotherapy in adultsThe dose homogeneity to the PTV was compared in the prone
and supine positions by using the coverage index at 95% isodose,
the percentages of the PTV which received doses in the rangesTable 2
Comparison of the mean dose and the doses to the 3% and 5% of the volume of the differe
Position Mean St
Left kidney mean (Gy) Prone 4.50
Supine 6.19
D3% Prone 1.17
Supine 1.31
D5% Prone 3.24
Supine 4.75
Right kidney mean (Gy) Prone 0.91
Supine 1.42
D3% Prone 2.91
Supine 8.21
D5% Prone 2.40
Supine 6.21
Right lens mean (Gy) Prone 2.59
Supine 3.61
Right lens max (Gy) Prone 5.94
Supine 7.92
Left lens mean (Gy) Prone 2.60 1,
Supine 3.68
Left lens max (Gy) Prone 5.81
Supine 7.80
Right lung mean (Gy) Prone 4.62
Supine 5.21
D3% Prone 26.53
Supine 30.22
D5% Prone 24.17
Supine 28.01
Left lung mean (Gy) Prone 2.38
Supine 2.60
D3% Prone 16.95
Supine 21.08
D5% Prone 13.17
Supine 16.68
Liver mean (Gy) Prone 4.70
Supine 4.66
D3% Prone 23.73
Supine 23.99
D5% Prone 22.40
Supine 22.8
Heart mean (Gy) Prone 12.68
Supine 12.75
D3% Prone 26.91
Supine 27.47
D5% Prone 26.35
Supine 26.78
Mandible mean (Gy) Prone 11.96
Supine 13.70
Mandible max (Gy) Prone 29.60
Supine 29.0
Thyroid mean (Gy) Prone 23.58
Supine 25.8195–105% and 90–110% of the prescribed dose, and <95% and
>105% of the prescribed dose. The results for all of the parameters
were comparable: none of them exhibited a signiﬁcant difference
(Table 1). We did not detect any statistical difference between
the dose distributions in the prone and supine positions, even at
very low dose levels, from the aspects of the OARs. Neither the
mean dose to the kidneys, lungs, heart, mandible, lens or thyroid,
nor the dose absorbed in 3%, or 5% of the volume of the organ con-
cerned exhibited any signiﬁcant difference (Table 2).
The positioning questionnaires were completed by all patients.
The position and support of the head (scores of 2.5 versus 3.8), arm
(2.8 versus 3.6) and breast-stomach (2.4 versus 3.7), and also the
total-body set-up (2.9 versus 3.8) proved more comfortable in
the supine position. From the aspects of muscle relaxation and
the feeling of safety, the supine position did better. There was no
pain, but two cases of mild discomfort were reported in the supine
group, whereas three cases of mild or moderate pain and six casesnt organs at risk (D3, D5) in the prone and supine positions.
d. deviation Std. error mean Signiﬁcance (2-tailed)
4.96 1.75 0.63
6.91 2.44 0.63
1.06 0.37 0.87
1.06 0.38 0.87
3.28 1.16 0.57
5.80 2.05 0.58
0.55 0.19 0.24
0.96 0.34 0.25
2.31 0.82 0.12
8.65 3.06 0.14
1.88 0.67 0.15
6.66 2.36 0.16
1.15 0.43 0.79
2.77 1.24 0.79
6.59 2.49 0.73
6.17 2.76 0.73
23 0.46 0.82
3.18 1.42 0.82
5.86 2.22 0.74
6.46 2.89 0.74
1.71 0.64 0.50
3.13 1.11 0.50
7.77 2.94 0.19
3.18 1.12 0.20
9.16 3.46 0.196
4.78 1.70 0.21
1.05 0.40 0.55
1.37 0.48 0.55
10.34 3.91 0.28
9.29 3.29 0.28
9.32 3.52 0.33
9.39 3.32 0.33
1.18 0.42 0.30
1.71 0.65 0.31
4.13 1.46 0.20
3.53 1.33 0.22
4.05 1.43 0.23
3.72 1.40 0.24
4.23 1.5 0.65
2.36 0.83 0.65
4.0 1.59 0.17
2.20 0.78 0.17
4.5 1.6 0.16
2.27 0.80 0.17
3.75 1.53 0.42
5.87 2.63 0.45
8.63 3.52 0.55
5.51 2.47 0.58
4.56 1.86 0.36
2.37 1.06 0.38
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mask ﬁxation caused discomfort in only two cases and a slight le-
vel of anxiety in three patients. The complete system was evalu-
ated as unpleasant, but acceptable for a limited time in the prone
position (2.8) in contrast with comfortable (4.2) in the supine posi-
tion. One patient could not be positioned prone at all, and one
other only later, because of their disability (paraplegia).
Portal imaging was performed on average 10.33 (7–18) times
during the course of fractionated irradiation. The vector of the
three direction (ventro-dorsal 1.8 mm; cranio-caudal 2.6 mm and
lateral 4.8 mm) random error was 3.3 mm and the vector of the
systematic error calculated as 0.32 mm (ventro-dorsal 0.15 mm;
cranio-caudal 0.12 mm and lateral 0.37 mm).Discussion
A scanning couch technique was proposed by Dirk Verellen in
1996, for ﬁeld edge matching if, for medical reasons, the patient
could not be treated in the prone position [25]. Numerous authors
have subsequently suggested the supine position for the CSI of
children [15–25,27], because it is better tolerated by children,
the beam alignment seems more reproducible and the airway ac-
cess for anesthesia is easier. Previous investigations have demon-
strated the feasibility of delivery supine craniospinal RT with
conventional or 3DCRT in the supine position [28]. With the devel-
opment of portal imaging methods and image guided techniques,
the supine position for CSI could become a widely accepted meth-
od. However, concerns have been raised with respect to healthy or-
gans in the exit of the spine ﬁeld [19]. The results of our
prospective, comparative planning study on patients in prone
and supine positions demonstrated that the target coverage, dose
conformity and dose to the OARs did not differ signiﬁcantly in
the two groups. In concordance with our ﬁndings regarding the
target dose distribution recent publications suggest that the supine
approach for the delivery of CSI is not associated with increased re-
lapses at the ﬁeld junctions [23]. Furthermore the treatment out-
come (overall and disease-free survival) and side-effects after CSI
in the supine position were comparable with those after treatment
in the prone position [22] for children. The present planning com-
parison leads us to assume that there is no increased probability of
normal tissue complications due to the supine patient position for
adults either, if the same conformal treatment technique is applied.
Considerable efforts have been made to reduce the dose to the
healthy tissues by using advanced technical solutions such as heli-
cal tomotherapy or proton therapy, however, the availability of
these facilities is limited yet. Agreement is still lacking as to the
optimal position for irradiation of the entire neuroaxis, and the
prone position is still used for CSI even with protons [11–13] and
with volumetric modulated arc therapy [29]. The results of our pa-
tient questionnaire proved unequivocally that patients greatly pre-
fer the supine to the prone position. It is obvious that the intra-
fraction position stability correlates directly with the degree of pa-
tient comfort. This is especially important for such a complex tech-
nique, which requires ﬁeld matching, frequent veriﬁcation imaging
and relatively long-lasting treatment delivery. It has been con-
ﬁrmed that the quality of the radiation to the entire neuroaxis
makes a major contribution to the outcome of the disease
[30,31]. High precision in patient positioning is particularly impor-
tant in order to avoid a geographic target miss, which could result
tumor recurrence in the under-dosed areas. A comfortable position
and good immobilization are the keys to high reproducibility and
accurate treatment delivery. The immobilization methods applied
vary markedly worldwide, including belts, home-made Styrofoam
immobilization aids, a vacuum bag molded to the patient’s body,
combined with head-mask ﬁxation. In a recent publication theauthors describe a special CSI technique in supine position [4]
using cuboid styrodur aids under the lower leg and securing the
patients by multiple belts to the table. This method seems to be
feasible, but rather labor intensive. We likewise started with such
methods and developed the present immobilization technique step
by step. Actually, in the daily routine, we use a combination of vac-
uum bag and head + body mask for children and selected, indexed
head holder, high knee support and the head + body mask ﬁxed to
the long board for adults, in the supine position for all ages. In our
study the whole body mask maintained a stable geometry for the
craniospinal irradiation, particularly for the long lasting ﬁeld
matching, portal imaging and table movements required by the
three isocenters. We are not aware of any reported study in which
individual total-body thermoplastic mask immobilization was
used for CSI. Clinical evaluation of the immobilization with only
deep-drawn Aquaplast head mask revealed that deformation be-
tween the patient’s skull and spine could occur and can lead to rel-
evant underdosage applying highly conformal RT techniques for
CSI [8]. In our prospective clinical investigation, the large-surface
customized thermoplastic mask provided high geometric stability
both for repositioning accuracy (systematic and random errors fell
within an acceptable range) and for couch movement for exact
ﬁeld matching, furthermore it was well accepted by the patients.
Immobilization with a head + body mask could be applied in the
prone position too, if supine irradiation cannot be performed for
technical reasons (for example, at some proton facilities).Conclusion
According to our single institution prospective study the dose
distribution for CSI in the supine position is similar to which could
be achieved in prone. The more comfortable and better reproduc-
ible supine position, which enables concomitant boost irradiation,
can be recommended for irradiation of the neuroaxis not only for
children, but also for adults. The head + body thermoplastic mask
coverage proved to be an excellent immobilization method for pre-
cise daily repositioning and accurate treatment delivery.Conﬂicts of interest
None declared.Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.radonc.2011.07.003.
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